).
Knee stiffness following TKA is a potentially debilitating complication that can affect up to 20% of patients. [1] [2] [3] This complications may impair the patient's ability to perform frequent activities of daily living such as rising from the seated position, ascending and descending stairwells, as well as many others. 4 Additionally, range of motion (ROM)
is one of the most important factors for quality of life and satisfaction in post TKA patients. 4 Postoperative care methods, such as rehabilitative care and physical therapy, focus on achieving optimal range of motion for the previously mentioned reasons.
In the event that physical therapy fails to improve ROM (to > 90-degree flexion or < 15-degree extension) after 6 to 8 weeks postoperatively, the provider may consider a manipulation under anesthesia (MUA) as an option. [4] [5] [6] [7] [8] While the majority of MUAs are without complications, there are some increased risks with this procedure including: component loosening, patellar or quadriceps tendon avulsion, supracondylar fracture, possible increased risk for revision, and hemarthrosis. 7, 9, 10 The typical rehabilitation treatment following a MUA is an outpatient physical therapy protocol focused on maintaining the improved ROM. 2, 8, 9 While the majority of patients who have an MUA develop and maintain successful improvements in ROM, up to 24% of these patients may need to undergo a repeat MUA, which further exposes them to the risks mentioned previously, and requires utilization of resources and potentially increased costs. 9,11 Therefore, it becomes essential to optimize the course of physical therapy to maintain improvements in ROM following an MUA. The purpose of outpatient physical therapy after a TKA is to assist a patient's return to everyday activity. The standard of care uses manual therapy protocols in combination with exercise modalities including sit-to-stand and balance training. The innovative multimodal approach at our facility uses these modalities while incorporating newer methods to improve range of motion (bracing and Astym therapy) and muscle strength (neuromuscular electrical stimulation [NMES] and bracing).
Currently, there are no studies evaluating the effect of outpatient physical therapy on the rate and outcomes of repeat MUAs. Therefore, we conducted a retrospective study comparing innovative multimodal outpatient physical therapy program (IMMPT) to standard of care physical therapy (standard). Specifically, the purpose of this study was to compare: (1) range of motion, (2) the rate of repeat MUAs, and (3) time to repeat manipulation in post-TKA patients who had an initial MUA and underwent either the IMMPT regimen or standard therapy.
Methods

Patients and Database Variables
We performed a database review of consecutive patients who underwent a primary TKA. All TKAs were performed over a 2-year period from January 2013 to December 2014 by three fellowship-trained adult reconstructive surgeons. A total of 453 primary TKAs in 399 patients were in the database. We then selected patients from this cohort who had an MUA following their TKA, which resulted in 58 primary TKAs in 58 patients. One patient was excluded because they had undergone both the standard therapy and the innovative multimodal physical therapy (IMMPT). This resultant cohort was 57 patients who had a mean age of 59 years (range, 32-81 years). These patients were followed-up for a minimum of 6 months after their initial MUA (mean, 11 months; range, 6-27 months).
The total group of 57 knees was stratified into two cohorts: the IMMPT cohort at our facility (n ¼ 22), and those who had standard of care physical therapy at an outside location (n ¼ 35). There were no significant differences with regard to demographics between the two groups (►Table 1). ROM data was collected for 41 knees (IMMPT, N ¼ 11: standard, N ¼ 30). ROM was collected in degrees for both flexion and extension. In addition, we determined the number of those who had optimal ROM (110 degrees for flexion and 5 degrees for extension) in the two groups.
Standard-of-Care Physical Therapy Protocol
The standard postoperative protocol following a primary total knee arthroplasty (TKA) is separated into three phases: (1) acute inpatient physical therapy, between 1 to 3 days following the surgery, (2) one to six weeks of outpatient physical therapy focusing on passive ROM, ambulation without assistive devices, and increasing quadriceps strength, and (3) four to eight weeks progressing toward normal, everyday activity. 10 Modalities used in the second and third stages include the following: sit-to-stand exercises, climbing stairs, balance training, standing isometric ROM exercises, and riding a stationary bike. 12 In additional, manual therapy techniques are used and include the following: active dorsiflexion during knee extension, activating quadriceps during passive knee extension and, hamstring activation with knee flexion mobilization. The extension and flexion movements during manual therapy require patellar mobilizations. Hip abductor stretching techniques are used if ROM becomes limited at the hip joint.
Innovative Multimodal Physical Therapy Protocol
The IMMPT protocol is administered in 30 minute sessions of one-on-one supervision with a physical therapist while incorporating joint active systems, bracing with customized knee devices, and neuromuscular electrical stimulation. 6 In additional, the protocol includes hands on manipulations and 
Muscle Strength Enhancement Strategies
Four unique modalities were used to improve muscle strength in the IMMPT group (►Table 2): OCSI bracing, high flexion exercises, NMES, and SAFTE (slide and flex and tighten and extend) exercises. Patients who had difficulty with quadriceps activation due to weakness in the hamstrings and quadriceps were fitted with an OCSI sports brace. Difficultly in quadriceps activation was determined by presence of deficits in functional activities including stair climbing, walking, etc. Additionally, high flexion knee activities such as kneeling or squats were administered in the late recovery phase to improve quadriceps strength through a patient's entire flexion ROM. Neuromuscular electrical stimulation (NMES) units were distributed to patients who had poor contraction in the long leg position or quadriceps lag during a straight leg raise. The NMES unit was self-administered at home two times a day for 20 minutes at a time. 6 The SAFTE exercise protocol, outlined in a previous study, 6 was performed in sets of ten repetitions, 3 to 4 times a day, during the early postoperative phase.
Range-of-Motion Strategies
ROM in the IMMPT protocol is targeted with three unique modalities (►Table 2) which includes: customized knee device braces, joint active system braces, and hands-on manipulations. TKAs with a flexion deficit measured at less than 90 degrees or with a knee flexion contracture measured to be greater than 15 degrees after 3 to 4 weeks of the start of the IMMPT protocol were fitted with a customized knee device. Splinting with a custom knee device produces a progressive, static stretch that improves flexion contractures.
For flexion deficits, joint active system devices were used (►Table 2). Patients were taught the proper protocol of these devices, which were used for 30 minutes, 3 times a day. Astym (Astym, Performance Dynamics, Inc., Muncie, IN) was used to perform mobilizations and hands-on manipulations. Astym is a therapeutic, noninvasive treatment that can be used for knee stiffness and soft tissue dysfunction. The protocol involves using multiple hand-held instruments in series, on areas of rough or disorganized tissues to target dysfunction (knee stiffness). The instruments design allows the physical therapist to locate these areas quickly and efficiently. The physical therapist applies appropriate pressure in the following areas specifically for knee stiffness: the gastrocnemius-soleus muscle complex, the Achilles tendon, the proximal rectus femoris muscle insertion, the hamstring muscles, the distal iliotibial band, the quadriceps muscle, including the quadriceps tendon, the patellar tendon, and the medial and lateral patellar retinaculum. The force applied by the physical therapist causes the underlying tissue to initiate a reparative cellular response.
Statistical Analysis
Chi-square and Student t-test were performed, as appropriate, to compare demographics, ROM, and repeat MUA rate. We performed Kaplan-Meier analysis to determine the time to repeat MUA between the cohorts. We used a p-value of less than 0.05 to consider results statistically significant. Data was entered into a Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, WA) and analyzed using SPSS statistics software version 22.0 (IBM Corporation, Armonk, NY).
Results
Range of Motion
There was a significantly higher proportion of patients who achieved an optimal ROM in the IMMPT cohort after 6 months 
Incidence of Manipulation under Anesthesia
Kaplan-Meier analysis demonstrated a 0% incidence in the IMMPT cohort and a 20% incidence in the standard cohort (►Fig. 1). Therefore, there were no patients who underwent a repeat MUA in the customized physical therapy group within the 6-month period. There was a significantly lower proportion of patients who underwent MUA in the IMMPT group as compared with those who were in the standard of care cohort (0 vs 20%; p ¼ 0.025) (►Table 3).
Discussion
One of the more common complications following a TKA is knee stiffness resulting in limited ROM. After an initial course of outpatient physical therapy, if the patient cannot further improve ROM, an MUA is considered.
4-8 Although most
patients who undergo an MUA maintain improved ROM, there is still a significant portion that could require a repeat MUA. Following an MUA, the typical treatment is to continue with outpatient physical therapy.
In this study, we aimed to compare the outcome ROM as well as the rate of repeat manipulation in patients who had a TKA and an initial MUA, and who subsequently either underwent an innovative multimodal outpatient physical therapy or the standard of care physical therapy. Our results show all of the IMMPT had achieved optimal ROM as compared to only half of those in the conventional physical therapy group after 6 months, which was statistically significant. In addition, patients who underwent an IMMPT regimen were significantly less likely to undergo a repeat MUA as compared with those who underwent a standard therapy regimen. These findings show that IMMPT approach utilizing Astym therapy could be effective in patients who have had an MUA following a TKA by providing more optimal ROM outcomes and reducing the rate of repeat manipulations. Reduction of Repeat MUA in Post-TKA Patients Chughtai et al.
There were several limitations to this study. This study had a small sample size, which may have not allowed for adequate statistical powering. However, because studies as such have not yet been performed, we believe this may provide some insight into the differences between the two rehabilitation approaches. The minimum follow-up in this study was 6 months, which may not allow us to capture all those who had a repeat MUA. However, the follow-up time between the groups was very similar, and this may offer a fair comparison in incidence of repeat MUA within the provided time frame. Despite the aforementioned limitations, this study may serve as a platform for future research in this field.
There has been previous research that shows the rate of repeat manipulations may be as high as 24%. Desai For the MUA group, the majority of subjects maintained an optimal ROM at the final follow-up visit (mean, 114 degrees) but 7 TKAs (15%) failed to improve ROM. The results further support that failure to achieve a good ROM outcome can be a relatively frequent complication following an MUA. There have been some conflicting studies that do not support the benefit of standard outpatient physical therapy following a TKA. Rajan et al 13 conducted a prospective randomized controlled trial of 120 patients who were stratified into those who received outpatient physical therapy (n ¼ 56) and those that did not (n ¼ 60). The authors found no significant differences in ROM measurements between the two groups at three intervals (3 months: p-value, 0.1; 6 months: p-value, 0.07; and 12 months: p, 0.1). However, in this study the outpatient group on average only participated in 4 to 6 outpatient physical therapy visits which is much less than the typical course of outpatient physical therapy treatment.
Conclusion
This study compared IMMPT protocol to the conventional physical therapy protocol on patients who had an MUA following a TKA. We found that the IMMPT approach utilizing Astym therapy was able to significantly increase the proportion of TKAs that developed an optimal ROM as well as significantly reduce the rate of repeat manipulations. Therefore, this study demonstrates there could be a benefit from the modalities used in the IMMPT protocol for patients who undergo an MUA following a TKA. Future studies investigating TKA outcomes of various physical therapy protocols are warranted.
